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Abstract
Nutrition programmes in resource poor settings mainly focus on children under the age of five years and this has
resulted in limited information on nutritional and micronutrient status of school children in areas with high burden of
HIV infection. This cross-sectional study assessed the prevalence of, and factors associated with stunting, thinness,
overweight, underweight and selenium deficiency in school aged children from a high HIV burden peri-urban area in
Zimbabwe, a low income country. Seven to 10 year old children from a prevention of mother-to-child transmission of
HIV cohort had their serum selenium levels determined by mass spectrometry in a cross-sectional study. Height,
weight, mid-upper-arm and head circumferences were measured to determine the prevalence of stunting, thinness,
underweight and wasting. WHO growth standards were used to define the children's nutritional status.
A total of 318 children including 21 (7%) HIV infected were assessed. The prevalence of stunting, thinness and
underweight was 12%, 4% and 8% respectively. The prevalence of Selenium deficiency (serum Selenium <0.89
µmol/L) was 48% and it was found to be high in all the children despite their HIV status. Stunting was associated
with HIV infection and orphan hood. There was no difference in height or weight between the HIV uninfected
(exposed and unexposed) children who were in comparison both taller and heavier than the HIV infected children.
Chronic malnutrition and selenium deficiency were prevalent in this cohort of children. Further studies are
recommended to guide the need for selenium supplementation. Setting up health programmes to identify
malnutrition in school aged children should be a priority.
Keywords: Selenium; School children; HIV; Stunting; Thinness;
Underweight; Wasting; MUAC
Introduction
Malnutrition defined as under-nutrition in this article is a global
public health problem underlying many childhood deaths [1].
Although global underweight figures have been showing declining
trends in children under 5 years, underweight rates continue to rise in
Africa. The number of underweight children is estimated to increase
from 24 million to 43 million by 2015 in Sub-Saharan Africa [2]. In
Zimbabwe, malnutrition is also a major problem exacerbated by the
declining economy and the HIV/AIDS epidemic [3]. National statistics
for under five children show that 32% are stunted, 3% are wasted and
10% are underweight according to the Zimbabwe demographic health
survey 2010/2011 [4]. These figures have remained unacceptably high
in the past two decades. Notably, nutrition programmes in resource
limited settings have been focusing mainly on under-five children
consequently resulting in a gap of knowledge on the burden of
malnutrition and information on micronutrient deficiencies among
the school-aged children particularly those from areas with a high
burden of HIV infection.
Stunting and wasting remain important problems in school
children [5,6] and high stunting rates in this age group have been
reported in some areas in Africa [7]. Other developing countries are
reporting a paradoxical existence of over-nutrition and under-
nutrition in school children [8]. Under nutrition in school children
affects their growth, development, capacity to work and their cognitive
function. Improving school children’s nutritional status may improve
their cognitive function and linear growth [9].
Malnutrition is a syndrome caused by various factors which
include: reduced food intake, inadequate health services, poor
maternal or child care services leading to nutrient deficiency and
increased infections [10]. Malnutrition generally leads to delayed
motor development, cognitive impairment, behavioural problems,
social development deficiency, immunodeficiency, increased
morbidity and mortality [11,12]. The hallmark of malnutrition is
growth failure. Malnutrition can be acute or chronic. Body-mass-
index-for-age (thinness) is the indicator recommended by the World
Health Organization to identify acute malnutrition (defined as a Z-
score below -2) in children above 5 years. A height-for-age Z-score
below -2 is used to define chronic malnutrition or stunting. Weight-
for-age Z-score below -2 indicates underweight and is a composite
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representation of both wasting (thinness) and stunting [13]. Mid-
upper arm circumference indicates wasting while head circumference
is a proxy for brain growth.
Malnutrition is associated with micronutrient deficiencies [14,15].
Research has shown that supplementation to correct common
micronutrient deficiencies such as iron, Vitamin A, Zinc or iodine
deficiency is beneficial to children [16-18]. Hence, identification and
treatment of micronutrient deficiencies is important. There are less
common micronutrient deficiencies that are associated with
malnutrition that have not been clearly defined in school aged children
from resource poor settings such as selenium deficiency. Selenium is
an essential element for human health [16], but there is limited
research in Africa on the selenium status of children. It has an essential
role in all aspects of the immune system [19] and is a necessary
component of selenoproteins which are important for enzyme
function in the human body [20]. Selenium is an antioxidant that
protects the cell membrane and deoxyribonucleic acid [21,22]. This
essential biological role of selenium protects the body from several
diseases such as viral infections, cardiac disease, diabetes and arthritis
[23-26]. Selenium deficiency increases mortality in HIV infected
adults and children [27,28]. Therefore, it is necessary to determine the
selenium levels in children from settings with high burden of HIV
infection and malnutrition as this would help to guide the need for
supplementation of this micronutrient. This article presents findings
from a study that assessed the prevalence of, and factors associated
with stunting, thinness, overweight, underweight and selenium
deficiencyin school children whose mothers were recruited in a
PMTCT programme in an area with a high prevalence of HIV
infection.
Materials and Methods
Study design
This cross-sectional study was carried out from August 2011 to June
2012 at 3 peri-urban primary care clinics (Epworth, St Mary’s and Seke
North Clinics) in Zimbabwe. The participants were 7-10 years old
school aged children whose mothers had been recruited into a PMTCT
programme from 2002 to 2004. This was a sub-study in the Better
Health for African Mothers and Children (BHAMAC) study which
investigated the role of sexually transmitted diseases on vertical
transmission of HIV and is described elsewhere [29]. Briefly, the
BHAMAC study recruited women 36 weeks pregnant coming through
the national PMTCT programme who underwent voluntary
counseling and HIV testing. Hence the cohort of children comprised
of HIV negative unexposed, HIV negative exposed and HIV infected
children. HIV negative unexposed children are HIV uninfected
children who were born to HIV negative women. HIV negative
exposed children were born to HIV positive women but are HIV
uninfected. HIV infected children were born to HIV infected women
and became infected. All children between 7 and 10 years who were
still alive from the BHAMAC cohort at the time of the study, whose
care givers consented to be included in the study, were eligible for
recruitment. The second siblings to the original cohort of children
were excluded. The prevalence of malnutrition (p) in this group of
children was unknown and estimated to be 50%. The minimum
sample size required for estimating the prevalence of malnutrition
(stunting, thinness or underweight) in this population of children with
a confidence interval of 95% (significance level; z) and a margin of
error (se) of 0.05 was calculated to be 208 using the Raosoft® sample
size calculator. The calculator is based on the following formula:
n =z2 (p (1-p))
 (se)2
During the planning stage of the study 452 children were still alive
from the original BHAMAC cohort. A decision to include more than
the 208 children was made so as to enable the assessment of selenium
status of the children which was unknown for the Zimbabwean
population. Caregivers in the community were contacted by peer
counselors and were informed about the study. Participants were
consecutively recruited as they presented to the local clinic every
Thursday between 8 am and 6 pm.
Data collection
A data collection tool was piloted and then administered to collect
socio-demographic data. All the children had a physical examination
performed by a pediatrician. Height, weight, occipital-frontal (head)
circumference and mid-upper arm circumference (MUAC) were
measured. The children’s weight was measured while they put on light
clothing with a Seca digital scale (manufactured in Germany model:
881 1021659) which was standardized daily. A stadiometer was used to
measure height. The children took off their shoes, stood feet together
with the heels against the wall and looked straight ahead. One person
would ensure the correct head position and another person ensured
that the knees were extended while the heels touched the back of the
wall. The head circumference was measured with a non-stretchable
tape measure in the occipital-frontal diameter. The measurement was
repeated 3 times and the largest measurement was taken as the head
circumference. The MUAC was also measured in the non-dominant
arm. The midpoint between the shoulder and the elbow was
determined with flexible non-stretchable tape. The MUAC was then
measured with the limb hanging down and relaxed. The WHO’s
Anthroplus (version1.0.4) was used to calculate Z scores for body mass
index, weight for age and height for age. The WHO recommended Z
score cut-offs for underweight, stunting and thinness were used to
define under-nutrition. Z scores below -2 and -3 were considered as
moderate and severe under-nutrition respectively. Children with a
BMI Z-score below -3 for age were classified as severe acute
malnutrition. They were managed according to the Ministry of Health
protocol for managing severe acute malnutrition in children above 5
years with a ready to use therapeutic food (Immunut) [30]. The
children were discharged from follow up once their BMI Z-score was
above -2 or after 4 months in the program. Those who did not
improve were referred to the district hospital for further investigation
and treatment.
Blood samples collection
The skin was wiped with a methylated spirit-soaked swab and
allowed to air-dry for one minute. A tourniquet was applied above the
elbow joint and using appropriate protective equipment, blood was
collected by venipuncture into a royal blue trace element tube. Care
was taken not to haemolyze the samples. The specimens were
immediately stored in a cooler box at a temperature between 2 and 8ᵒC
for transportation to the laboratory where they were spun for 10
minutes at 1100 revolutions per minute. At least two 1ml aliquots of
serum were stored at -80 ᵒC and one aliquot was shipped on blue ice to
Fürst Medical laboratory in Norway for selenium determination.
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Serum Selenium determination
Automated inductively coupled plasma mass spectrometry was used
to measure serum selenium levels. A PerkinElmer Sciex; Elan DRC™ II
(Manufactured 2005 Shelton, USA) spectrometer was used. The mass
spectrometer generated single charge ions from elements in the
sample. The ions were then separated based on mass-to-charge ratio
and then detected. Internal and external calibrators were used for
quality control as recommended by the manufacturer. There is no
clearly set definition for selenium deficiency in this age group of
children. However, in this study selenium deficiency was defined as a
value below 0.89 µmol/litre and this was based on studies from
Vietnam [31] and Ethiopia [32] in children of a similar age group.
These studies’ definition was used to enable comparison of results
since there is limited studies of selenium deficiency in children and
selenium levels above this cut off are associated with favorable health
outcomes [33].
Ethics statement
This study was approved by the Medical Research Council of
Zimbabwe and the Norwegian Research Ethics Committee. After the
study was explained to the participants, the care givers gave written
informed consent and the children gave written assent to be included
in the study.
Statistical analyses
The SPSS statistical package [IBM SPSS Statistics version 20.0.0.1]
was used for statistical analysis. A p-value less than 0.05 were
considered statistically significant. Descriptive statistics and
prevalence calculations were used to describe the data. Correlation was
used to describe continuous data. Chi square and fisher’s exact tests
were performed to determine associations between categorical data.
The one-way Anova test and the Boniferroni Post-Hoc Test were used
to compare means of continuous outcome variables according to the
HIV status of the children.
Results
A total of 318 out of 452 children were recruited into the study. The
excluded children were either no longer living in the area because they
were displaced by a government programme that destroyed illegal
houses in the area or their care givers did not wish to participate in the
research. For 71% of the children, the primary caregiver was the
mother and 19% were being looked after by their grandmothers. Only
4% of the primary care givers had not gone to school while 64% had
gone up to secondary school. Most of the working mothers (93%) were
informally employed as vendors (38%). Fifty seven per cent of the
mothers were married, 9% had remarried and 9% were divorced.
Seventy five percent of the children’s fathers were alive and 52% of the
children were living with their fathers in the same household. Table 1
shows the demographic features of the children.
Characteristic Frequency
Gender
Male Male 137 (43%)
Female Female 181 (57%)
HIV status Negative unexposed 180 (57%)
Negative exposed 116 (36%)
Positive 21 (7)
Unknown 1 (0.3%)
Orphan hood Double orphan 15 (5%)
Single orphan 79 (25%)
Not orphaned 224 (70%)
Primary Caregiver N=318
Mother 226 (71%)
Grandmother 59 (19%)
Sibling 5 (5%)
Other 28 (9%)
Primary Caregiver’s
Education
No School 11 (4%)
Primary level (≤7 years) 93 (29%)
Secondary Level ( 8-13
years)
205 (64%)
Diploma or Degree 7 (2%)
Unknown 2 (1%)
Mother’s Occupation N=285
Formal 20 (7%)
Informal 265 (93%)
Household
Monthly income US$
median(Q1;Q3)
N=268 150 (80;250)
Total number of people
median(Q1;Q3)
N=318 5 (4;6)
Number children below
10 years median
(Q1;Q3)
N=316 2 (1;3)
Table 1: The demographic characteristics of 318 Zimbabwean school
children aged 7-10 years
Table 2 presents results of the continuous variables measured in the
children. There were six children whose head circumference and mid-
upper arm circumference values were missing. Only 269 out of 318
children had their serum selenium values determined because trace
element tubes had expired before the study was completed.
Characteristic Frequenc
y N
Mea
n
SD* Minimu
m
Maximu
m
Height cm 318 127 6.9 104 149
Weight kg 318 25 3.8 15 42
Head Circumference
cm
312 52 1.6 47 57
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Mid-upper arm
circumference mm
312 180 15.6 120 230
Weight-for-age Z
score
317 -0.7
7
0.93 -4.97 1.72
Height-for-age Z score 318 -0.8
8
1.03 -4.96 1.96
BMI-for-age Z score 318 -0.3
8
0.88 -3.32 1.76
Serum Selenium value
µmol/L
269 0.85 0.16 0.30 1.60
Table 2: The mean values of the anthropometric measurements and
serum selenium of the school children from Zimbabwe
*Standard Deviation
Table 3 summarizes the prevalence of malnutrition and selenium
deficiency in the children. Three children met the WHO criteria for
community management of acute severe malnutrition with a ready-to-
use therapeutic food. Only one HIV uninfected child failed to recover
after 4 months of treatment for acute severe malnutrition and required
referral for further management at the provincial hospital.
Characteristic Indicator Frequency n(%)
Stunting Height-for-age Z score <-2 37 (12)
Height-for-age Z score <-3 7 (2)
Underweight Weight-for-age Z score <-2 25 (8)1
Weight-for-age Z score <-3 4 (1)
Thinness BMI-for-age Z score <-2 11 (4)
BMI-for-age Z score <-3 3 (1)
Overweight BMI-for-age Z Score ≥1 and <2 15 (5)
Selenium deficiency Serum Selenium <0.89 µmol/L 129 (48)2
Table 3: Prevalence of stunting, underweight, thinness, overweight and
selenium deficiency among school children from Zimbabwe
1N = 317 children
2N = 269 children
Children from households with a monthly income of less than US
$250.00 and from one site: Epworth clinic had a higher prevalence of
selenium deficiency as shown in Table 4. There were no obese
children. None of the overweight children was stunted. Two of the
stunted children also had thinness. Of the 37 stunted children, 16
(43%) were also underweight for age. HIV uninfected unexposed
children were 7.5 cm taller than HIV infected children (p=0.00). HIV
uninfected exposed children were 5.4 cm taller than the HIV infected
children (p=0.00). There was no significant difference in mean weight
of the HIV uninfected (unexposed and exposed) children. However,
HIV uninfected unexposed children were 3.5 kg heavier than the HIV
infected children (p=0.00) and the HIV uninfected exposed children
were 2.7 kg heavier than the children with HIV infection (p=0.01).
There was no difference in head circumference among all three groups
of children. HIV uninfected unexposed and HIV uninfected exposed
children had MUAC size longer than that of children with HIV
infection by 11 mm (p=0.01) respectively. There was no statistically
significant difference in selenium levels among the three groups.
Characteristic Freque
ncy
Stunti
ng
Thinne
ss
Overwei
ght
Underwei
ght
Sedeficie
ncy
Total 318 318 318 318 317 269
n (%) n (%) n (%) n (%) n (%)
Gender
Male 137 19
(14)
5 (4) 8 (6) 12 (9) 54 (45)
Female 181 18
(10)
6 (3) 7 (4) 13 (7) 75 (50)
Age
7 years 21 5 (24) 2 (10) 0 1 (5) 8 (38)
8 years 105 12
(11)
4 (4) 4 (4) 9 (9) 48 (53)
9-10 years 192 20
(10)
5 (3) 11 (6) 15 (8) 73 (46)
Clinic
Epworth 104 14
(13)
3 (3) 7 (7) 9 (9) 45 (62) *
St Mary’s 104 12
(12)
4 (4) 3 (3) 11 (11) 40 (41)
Seke North 110 11
(10)
4 (4) 5 (5) 5 (5) 44 (45)
Household
monthly income
≤$250 205 26
(13)
8 (4) 12 (6) 3 (5) 96 (54)*
> $250 63 6 (10) 1 (2) 1 (2) 20 (10) 15 (33)
HIV status
NegativeUnexp
osed
180 12
(7)**
5 (3) 10 (6) 15 (8) 63 (43)
Negative
Exposed
116 17
(15)
4 (3) 5 (4) 8 (7) 53 (52)
Positive 21 8 (38) 2 (10) 0 2 (10) 13 (62)
Orphan hood
Not orphaned 224 20
(9)*
6 (3) 14 (6) 18 (8) 97 (50)
Orphaned 94 17
(18)
5 (5) 1 (1) 7 (7) 32 (42)
Table 4: Factors associated with stunting, thinness, overweight,
underweight and selenium deficiency in the school-aged children from
Zimbabwe
*P value <0.05
**P value <0.001
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Analysis done with One-way ANOVA and Boniferroni Post Hoc
Test
Discussion
This is the first study to assess children’s selenium status in
Zimbabwe. This study demonstrated a high prevalence of selenium
deficiency in children from an area with a high burden of HIV
infection. It also showed mild prevalence of stunting representing
chronic malnutrition in school-aged children from a PMTCT cohort.
While no obese children were detected 5% were overweight. A quarter
of the children were orphaned. Stunting was associated with HIV
infection and orphan hood. Selenium deficiency was more prevalent in
children from households with a monthly income below US$250.00.
The prevalence of stunting of 12% in this study is of mild public
health significance. This result is similar to findings from Burkina Faso
which found prevalence of stunting of 8.8% in a similar peri-urban
and urban setting. However, the children who participated in that
study included older children of up to 14 years and their HIV infection
status was not determined. It is lower than the prevalence of stunting
from Tanzania, another sub-Saharan African country, which reported
stunting rates of 52.5% [34]. It is also lower compared to results from
studies from Asia [35-37]. Most of these studies included children
above 5 years up to 18 years and were slightly older than the children
who participated in our study. The exception was a study from
Vietnam [31] with an almost identical age group (6-9 years) but
slightly less number (n=292) of children whose HIV infection status
was unknown which reported quite a high figure of stunting of 33%.
This particular study also found gender differences in prevalence of
stunting and underweight which was not demonstrated in our study.
However, when stunting was stratified by HIV status, the prevalence of
stunting was quite high in HIV infected children (38%) in our study.
This finding is similar toa research from Malaysia [37] in HIV infected
children (21%), but this particular study included children up to 18
years and had a much higher prevalence of severe stunting. In
addition, orphaned children were more stunted in our study and this
could be explained by the difficult socio-economic status that these
children often endure. The prevalence of underweight (8%) was much
lower than that reported in Vietnam [31] and South East Asia [36] but
similar to findings from Malaysia [37] in HIV infected children. The
overall prevalence of thinness (4%) was also much lower compared to
an Africa study from Burkina Faso [38] but was similar to findings
from Italy [39] a developed country. The prevalence of overweight was
comparable to findings from Burkina Faso [38] and South east Asia
[40] which are also developing nations. It was much lower compared
to the developed countries in children of a similar age group [39,41,42]
and it was also lower than findings from Malaysia [37] in HIV infected
children on antiretroviral therapy. Some children had more than one
nutritional deficit and this has been shown to increase risk of mortality
in younger children [43]. The HIV uninfected (unexposed and
exposed) children above 5 years had better nutritional status than the
HIV infected children. Prevalence of stunting has been shown to be
high in HIV infected children on and off antiretroviral treatment
[44,45]. Prevalence of underweight and stunting have been reported to
be higher among HIV infected children compared to HIV negative
children [46,47]. Though the HIV uninfected exposed group of
children were slightly shorter than the unexposed children this was not
statistically significant. Their weight was also comparable. This finding
from our study is in contrast to what has been described for younger
children where HIV uninfected exposed children have been shown to
have a high prevalence of malnutrition [48,49] compared to HIV
uninfected unexposed children. The head circumferences of the three
groups of children were not different.
Generally, the prevalence of selenium deficiency (48%) was high in
all the children despite their HIV infection status and this could be
reflecting the selenium soil status of the region. The prevalence of
selenium deficiency was comparable to results from Ethiopia (62%)
[32] and Vietnam (76%) [31]. These two studies had almost similar
sample sizes, used a similar cut-off value to define selenium deficiency,
had similar mean selenium levels but the HIV status of the children
were not determined. The prevalence of selenium deficiency in our
study was much higher than that obtained in HIV infected children on
antiretroviral treatment from Malaysia (12.5%) [37] who also had a
higher mean selenium level (1.13 µmol/L) and this study had a smaller
sample size. There was no gender difference in the levels of selenium
in our study and this was in contrast to results from Iran [50] which
showed that girls had higher serum selenium levels. In our study
selenium deficiency occurred more in children from households with a
monthly income of less than USD$250 and from children from one
site which had a different geography from the other two sites. There
was a tendency for selenium deficiency to be higher in the HIV
infected children but this did not reach statistical significance. Though
some studies have shown lower selenium levels in HIV infected
individuals [51], there was no difference among the three groups in
our study and this is similar to results found in Rwandan children
younger than 5 years [52].It is important to note that selenium levels
in different regions are influenced by the soil content of the element
[53-55]. Some regions are well known for low selenium content for
example areas in China [56] and Malawi [54]. The major limitation in
our study was the much smaller sample size of HIV infected children.
This study investigated serum selenium levels which reflect short term
selenium status instead of red cell selenium levels which reflect long
term selenium status [57]. We also did not assess the diet of the
children which would have assisted in answering the question on why
selenium and nutritional status was poor in this group of children. In
addition, the assessment of nutritional status of the children was done
only once; hence the study design did not address what was causing
the malnutrition in the children.
Chronic malnutrition and selenium deficiency were prevalent in
this cohort of children above 5 years who were born in a national
mother-to-child prevention of HIV transmission programme. Health
programmes to detect malnutrition are needed in this setting with a
high burden of HIV infection for children above 5 years. Further and
larger studies that will include children from rural and urban areas are
recommended so as ascertaining the selenium status of this
population. This may guide on the need for supplementation of
selenium in this setting.
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